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MOLYBDEWUM DISILICIDE - AX" OXIDE CERAMIC 

By W. A. Maxwell and R. W. Smith 

SUMMARY 

A ceramic  consisting nominally of 75 percent molybdenum d i s i l i c i d e  
and 25 percent aluminum oxide was investigated -t;o determine its thermal 
chock C h a r a C t e r i E t i C S  and h i g h - t ~ p W a t ~ e  strm&h properties. 

r;' 
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In a rim-quench thermal ahock evaluation the  material  was found to 
be superior to pure molybdenum d i s i l i c ide .  In a simulated  altitude 
blow-out test, the  material  withstood an average of cycles when 

25,100 pounds per square inch at 1800° F t o  12,000 pounds per square 
inch a t  2200° I?. 

1 

. quenched from 1800' 3'. The modulus-of-rupture E t r m g t h E  varied frm 

Molybdenum disilicide  possesses  outstanding  high-temperature 
strength and oxldation  resistance  (ref. I); however, u t i l i z a t i o n  of 
the material is l h i t e d  by its low thermal-shock resis tance.  Molybdenum 
d i s i l i c i d e  is also known to possess the a b i l i t y  to bond such oxides as 
alumina and zirconia, and the  strength obtainable from such a mixture 
as well as the  thermal ehock behavior is therefore of interest. Speci- 
mens of molybdenum disilicide  containing  approximately 25 percent of 
aluminum oxide were evaluated f o r  thermal-shock character is t ics .  Two 
tests were used, one simulating altitude blow-out conditione 3n a jet 
engine and the  other a ''rim-quench" methd. Modulus-of-rupture 
strengths were a l s o  determined a-b temperatures t o  2200' F and a flexure- 
creep  evaluation WELE made at 2000' F. 

A l l  speclmens were prepared  by the P. R. Mallory C m p a n y  of 

the manufacturer. The evaluations described were  carried out a t  the  
WACA Lewis laboratory. 

. Indianapolis,  Indiana and are of the.compositim  desi@ated D-1922 by 

L 
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All specimena were tested in the as-received  condititm  after  radio- 
graphic  Inspection, density, and hardness  determinations. Chemical 
analyses and metallographic  examinations were made on broken fragments. 

Thermal-shock evaluation. - For the rim-quench t e s t ,   t h e  apparatus 
consists of a verbical electrical   resietance  furnace from which the 
specimen can  be rapidly lawerea i n t o  a tank of water of known temperature. 
To as8ure  the loss -of heat from the rim only, the  disk specimens (2 In. 
in  dim. and 1/4 in. thiok) are held between two law-conductivity  alloy 
cylinder8 w3th aabeetos washers between the epecimen and the cylinders. 
The ent i re  specimen  aseembly is heated and quenched as a unit. Figure 1 
pictures  the f'urnace, quench tank, and specimen-holder  assembly for- 
the rim-quench thenaal-shock  apparatus. 

. To perform a test In the rim-quenching apparatus, a furnace tearpera- 
ture is se lec ted   to  give a quench of less  eeverlty  than ie believed 
necessary t o  cause failure. The specimen i e  placed in the furnace a t  
the. select&  temperature, and a% soon as a thermocouple in contact  with 
the specimen indicates that temperature  equilibrium i 8  attained,  the 
specimen assembly is rapidly quenched by lawering it into the  water. 
After  cooling, nonporous ~peclmens are examined for  cracks by a 
penetrant o i l  method. If no crack is found, t h e   t e a t  is repeated 
using increasingly higher furnace  temperatures  until a tempera- 
ture  difference that causea failure I s  determined. 

The apparatus  for  the eimulated a l t i tude  blow-out t e a t  consists 
of a Runace in  which the epecimen irr heated and an addacent  air-duct 
i n t o  which the specimen may be quickly withdrawn *om the  furnace. A 
mom complete deecripkltm of the apparatus I s  given in reference 2 .  
The quenching a i r  flow through  the  duct i a  50 pounds per minute (265 
f t / sec)  a t  70' t o  80' F. Sn conducting a themal-shock  evaluation, 
25 quench cycles are made from a temperature of 18bOo I?, and i f  the  speci- 
men survives, the temperature is increased t o  2000° F for another 
25 cycles and so..on with 25 cycles  each a t  2200° and 24QOO F or until 
Sailure by cracking  occurs. . .. 

Modulus-of-rupture evaluation. - Specimens 1/2 by 1/4 by Z+ kche8 
in size were employed. The te8t   consis ts  of supporting  the specimens 
on two lmife edges L$ inches  apart  with a loadlng knife edge bearing on 
the center of the upper surface. Load i s  applied until failure occurs, 
and the modulus of rupture  strength i s  calculated from the equation: 

Modulus of rupture strength, B/BQ in. = 3/2 pd 
wt2 
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where 

p = load on specimen a t  f a i lu re ,   l b  

d = distance between supporting knife edges, in. 
w = specimen width, in. 
t = spechen  thiclmess, Ln. 

For the room-temperature eva lua t ims ,  8 conventional  tensile machine 
was  employed t o  apply load to the  specimen. For the high-temperature 
determinations,  the specimens were placed on silicon  cazbide -e edges 
mounted in a -00. The lmaing Wife edge is part of a plunger 
connected to a lever system outside  the  furnace. The load is applied 
by running a controlled flow of water to a receptacle  connected t o  the 
lever. The water flow was adjusted t o  produce a rate of loading of 
2000 pounds per square  inch per minute. 

Flexure-creep  evaluation. - Flexure-creep  evaluation is a long- 
time strength evaluation in which the  specimen is  s t ressed i n  bending 
instead of t h e  more conventional axial tension. The specimen is  placed 
on the knife edges in   the  furnace at temperature as i n   t h e  modulus-of- 
rupture tes t  and a load  sufficient t o  produce the  desired stress is 
applied and maintained u n t i l  failure occurs.  Failure times are deter- 
mined, o r   i n   t he   ca se  of materials i n  which creep i s  an important fac- 
t o r ,  creep  rates may be measured. 

Inspection and Analysis 

Radiographic  inspection showed segregation and porosity in all 
but one of the  thermal  shock  disks. The modulus-of-rupture bars, while 
more free of voids, showed  some segregation.  Density  determinations by 
the water-immerelgn method also disclosed  considerable  porosity. The 
average of the water-immersion determlnations was 4.66 grams per milli- 
liter. Densities  determined  by  weighing and calculating volumes from 
micrometer measurements gave an average  of 4.1 grams p e r   m i l l i l i t e r .  
Considerable  porosity was aleo  revealed  by  metallographic emination. 
The microstructure also indicated that the bonding  between the alumFzLEL 
and the molybdenum d i s i l i c i d e  appeared t o  be good. mrdnesses  taken 
on the  polished surface8 varied between 69 and 72 and averaged at 
71.1 Rockwell super f ic ia l  30-IT. 

Samples prepared to  represent  one-half of the modulus-of-rupture 
bars  were analyzed  chemically  with  the  following  reeults : 
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Element Analyst B, Analyst A, 
percent  bg-weight  percent  by w e i g h t  1 f 1 ii;; 1 z:; 1 

*l2'3 "" 

"" 0.5 
Ca "" 0.2k0.1 

N 
CD 
a, - c u  Thermal-shock evaluatian. - The resu l te  of the rim-quenching 

evaluations are given in t ab le  I and compared with r e e u l t s   f o r  molyb- 
denum d i s f l i c ide  and a titanium carbide - 20 percent  cobalt  cermet. 
while higher than  those for pure molybdenum diailicI.de, the temperature 
differences  survived by the alumina plus molybde~um d i s i l i c ide  specimen 
were considerably below those  causing failure i n  the cermet. This rela-  
tion  holds  also  for  simulated blow-out evaluation. AE- .shown on tab le  II, 
the alumha plus  molybdenum-disilicide specimen withetood an average of 
2~ cycles from 1800° P which can  be compared wlth molybdenum d i s i l i c ide  1 

at 2 cycles and with t h e  cermet  which-did n o t   f a i l   a f t e r  a t o t a l  of 
100 cycles, 25 each a t  1800°, 2000°, 22OOo4 and 2400° I?. Tbe cemet  is 
considered to have adequate  thermal-shock resistance f o r  turbine blade 
use (ref. 3). 

The air-quench test has been  devised  primarily  for  evaluating 
the  relatlve merits of materiale under simulated blow-out condl t ims and 
while survival of 100 cycles is coneidered t o  be  adequate, the minimum 
number of cycles t o  be survived t o   l n ~ u r e   s u i t a b i l i t y .   f o r  a turbine 
blade  application has not been determined. The alumina  plue molybdenum 
diai l ic ide  mater ia l  is l n f e r i o r   t o  the cermet and a life of only 
2 1  cycles would notappear  promising, bu t  an actual  blade  operation 
test would be required to give 8 definite answer a8 t-o the   eu i tab i l i ty  
of the  materlal  for turbine  blade  use. 

z 

That there has been  a large improvement in theml-8hock resistance 
over that of pure -molybdenum d i s i l i c ide  i s  shown by the rim-quench test 
l i s t e d  i n  t ab le  I, and the materid may be of value fo r  applications 
involving moderate  thermal-shock conditions. .. . 

Modulus-of-rupture evaluations. - Modulua-of-rupture strengthe a t  
four temperatures are l i s t ed  in table  III. A sharp decrease i n  strength 
is observed above 2000° F. While these short time akrengtha are le88 
than for the pure molybdenum dis i l ic ide ,  as shown In t ab le  111, they  are 
approaching the strength of the oemet  at  the  higher  temperatures. The 
material failed in  a br i t t le  manner without  apparent  deformation in all 
o f  the modulus-of-rupture t e s t s .  
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8 Flexure-creep  evaluation. - The flexure-creep specimens listed in 
tab le  IV a180 f a i l e d  in a b r i t t l e  manner. With pure  molybdenumdisilicide, 
1 percent elangstion  took  place in 8 24-hour period a t  30,100 pounds per 
square inch stress in a similar test  a t  the same temperature (ref. 4) .  
Observations of fa i led  epecuens a f te r  these and other  high-temperature 
tes te  indicates that the alumina plus molybdenum-disilicfde m i x t u r e  tends 
t o  maintain the high oxidation resistance of pure molybdenum d i s i l i c ide .  

SUMMARY OF RESULTS 

A ceramic  consisting of 75 percent molybdenum d i s i l i c i d e  and * 
25 percent aluminum oxide was investigated w i t h  the following resu l t s :  

1. In a rim-quench  thermal-shock  evaluation , the  material was  found 
t o  be   super ior   to  pure molybdenum d i s i l i c i d e .  In a eimulated  altitude 
blow-out t e a t ,  the material withstood an average of 2- cycles when quenchec 
f’ram 1800’ I?. 

1 
2 

2. The modulus-of-rupture strengths were foundto vary frm 25,100 
pounds per square inch a t  1800° F to 12,000 pounds per square inch a t  
2200’ F. 

Lewis Flight  Propuleion  Laboratory 
Ih t iona l  Advisory Committee for Aeronautics 

Cleveland, Ohio, June 29, 1953 
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TABm I. - THE€MAL-SHOCK BEHAVIOR O F  MoSi2-Al203 SPECDfENS 

Im RIM-QUEECHIXG EVAIXJATIQH 

Specimen Temperature difference between specimen and water 
bath at star t  of quench, ?F 

MoSiZ -A1203 Cermeta MoSi2 
Survived Failed  Survived  Failed Survived  Failed 

1 

300  250 600 500 3 
350 325 700 600 2 

1700 1600 350 325 800 700 

- 

a80 Percent Tic plus 20 percent  cobalt by w e i g h t .  

TABm 11. - SIMULATED BLOW-CXTT IIIESP FOR MoSi2 PLUS A1203 

Specimen Number of cycles Furnace temperature, 
number survived OF 

1800 I : I 1800 I 3  I 22 

6 1800 I 2 I 

Temperature, Modulus of rupture  strength, p a i  
op T i t a n i u m  carbide MoSiZa  MoSi2-Al2O3 

cermetb 

Room 

23,200 

25,100 
24,500 1800 

23,300 
22,100 

2000 

12,000 
11,300 2200 

22,600 

8Ref. 4.  

%ef. 5. 

68,500 
66,000 
84,700 
87,800 
53,000 
56,000 

59,200 
58,150 
35,850 
35,400 

17,700 
18,750 
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Figure 1. - Rim-quench thermal-shock evaluation appratus .  Globar furnace for high- 
temperature quenching a t  left with wire-wound fu rnaoe  f o r  moderate temperatme a t  
right.  




